We have studied the optically excited states of purine nucleotides and their synthetic polynucleotides by Electron Spin Resonance (ESR) and optical emission. Properties and interactions of the excited states were determined from the preliminary results which are presented in this report.
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All measurements reported were made at 770K on samples dissolved in a 1: 1 ethylene glycol-water (EG) glass, although exploratory measurements were made with other glasses. Concentrations used were in the range 10-4 to 10-1 IV. Phos of the compounds studied. Maximum emission was obtained from excitation in the vicinity of 2850 A. This wavelength differs from the usual 2600 A absorption peak because of the decreasing photon flux at lower wavelengths of the source.
The emission peaks and decay times in neutral media observed from AMP and Gi1\IP agreed with previous reports.1-3 The total emission of AMP was studied as a function of pH, and the results are presented in Figure 1 . From titration4 and X-ray experiments5 it has been established that A\IP adds a proton at the N1 position, with a pKa of 3.74. Our results show that the total emission of AMP is severely quenched upon protonation and that the change in emission with pH parallels the titration curve but is shifted approximately 1.5 pH units to higher pH. This shift might be caused by the lower temperature. At room temperature, fluorescence centered at 4000 A was observed in protonated A1\IP as previously reported.6 I However, there was no indication of this emission at 77°K. In contrast, protonation of GMP at pH 1 resulted in a shift of the phosphorescence to longer wavelengths and a change in the decay time from 1 .2 to 0.3 sec.
Poly A above pH 6 exists in the form of a single-stranded polymer.4 8, 9 As the pH is lowered, the adenine rings become protonated at the N1 position. In the vicinity of pH 6, when approximately half the bases are protonated, poly A undergoes a cooperative transition to form a double-stranded helix. Hydrogen bonding in the base pairs occurs between the C6 amino group and the N7 position. In Figure  2a , we show the relative intensities of the fluorescence and phosphorescence of poly A as a function of pH. It is clear that the ordering of poly A, as shown by the hypochromism in Figure 2b , results in a complete quenching of the emission. Figure 3b . Similar experiments with mixtures of poly A plus poly I showed that poly I and poly (A + 21) have no luminescence. In Figure 3a , it is seen that to a first approximation the fluorescence and phosphorescence are quenched together. For small amounts of quenching at low mole fractions of poly U, the ratio of fluorescence to phosphorescence remains constant. However, as the quenching becomes complete, there is a reversal of the relative intensities of fluorescence and phosphorescence with the former becoming larger. In the concentration region up to 1:1 poly A to poly U, where fluorescence and phosphorescence are quenched in the same ratio, it appears that the excited singlet and not the triplet is being quenched. Between the two hypotheses of resonance transfer and hydrogen bond quenching, the data are more readily explained by the former since different hydrogen bond positions in the different copolymers all act the same way. The partial preferential quenching of the phosphorescence at low emission indicates the existence of another mechanism involving triplet quenching and is possibly related to Bersohn's and Isenberg's observations in DNA. 3 The parallel stacking of the purine bases in an ordered helix, while allowing for the possibility of excitation energy transfer, does not necessarily lead to quenching. This is shown by the emission of ordered poly G which upon comparison w ith an equivalent amount of GMP shows no significant quenching. Phosphorescence decay time measurements, however, reveal two components present in the poly G spectrum in approximately equal amounts with mean lifetimes of 0.31 and 1.26 sec. These lifetimes are nearly identical with those of GMP at pH 1 and pH 7, respectively. A superposition of these two G1\IP phosphorescence curves agrees very well with the poly C emission as shown in It was possible to observe the ESR of the UV-excited triplet states of AMP and GAIP in EG glass at 770K. The so-called Am = 2 transitions were observed, since these have been shown'2 to be less anisotropic than the Am = 1 transitions and therefore more easily observed in a glass. All measurements were made with the rf field HI perpendicular to Ho, the external magnetic field. The parameter (D2 + 3 E2) 12 which arises from the electron spin-spin interaction was calculated from (D2 + 3 E2) "I = [3/4(hv) 2-3(grHain)2]I/2 where Hmin is defined by van der Waals and de Groot"2 as the minimum field for resonance. Values of (D2 + 3 E2)'/2 are listed in Table 1 .
Sternlicht" has shown that the value of D for no7r* triplets should be several times larger than the D values for 7r-7r* triplets which are 0.1-0.2 cm-'. From the values of (D2 + 3 E2)'/2 in Table 1 If the pyrimidine quenching observed in the poly (A + 2U) copolymer were a general phenomenon, there would be no emission from native DNA. We have observed that the total emission from native DNA is, in fact, an order of magnitude lower than the sum of its constituent purine nucleotides. In addition, the err ission maximum is shifted to longer wavelengths relative to the two purines. Decay time studies revealed two phosphorescence decay times of 0.3 and 1.5 sec. The effect of denaturing the DNA is to enhance the total emission by a factor of three and shift the maximum to shorter wavelengths. These results show that the emission of DNA is not simply explained as a sum of the adenine and guanine emissions. It is noteworthy that the DNA emission is very similar to that of poly G. A better understanding of the Quenching processes in the synthetic polynucleotides should aid in any attempt to elucidate the luminescence of DNA.
